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Abstract: Background/Objectives: Musculoskeletal aging can clinically hardly be distinguished
from degenerative disease, especially if symptoms are nonspecific, like lower back pain and reduced
physical resilience. However, age-related changes are considered to be physiological until they
cause osteoporotic fractures or sarcopenia-related restrictions. This radio-anatomic investigation
examines whether findings in lumbar magnetic resonance imaging (MRI) mirror age- and sex-related
musculoskeletal differences that help to identify the onset of sarcopenia. Methods: Lumbar MRI
investigations from 101 women and 101 men were retrospectively evaluated for vertebral and
muscular cross-sectional diameter sizes and T2-signal intensities (“T2-brightness”) in axial sections
in the L5-level. The results were correlated with the individual’s age to find specific alterations
that were indicative of sarcopenia or attributable to the aging process. Results: In women (average
age 62.6 (34–85) years), musculoskeletal cross-sectional area sizes and diameters were significantly
smaller (p < 0.00001) compared to those in men (average age 57.0 (21–90) years). The most pronounced
structural age-related change was the increasing mean posterior paravertebral muscle brightness
(MPPVB), which exceeded the mean vertebral brightness (MVB) earlier and to a greater extent in
women than in men (p < 0.00001). The brightness difference (∆MVB − MPPVB) was found to indicate
(pre-)sarcopenia at values below 25. Conclusions: Significant age-related deterioration in muscle
quantity and quality was more obvious in women, correlated with the onset of menopause, and
progressed to lower levels during aging.

Keywords: aging; brightness; cross-sectional area; lumbar MRI; musculoskeletal; posterior paravertebral
muscle; psoas muscle; sex-specific; signal intensity

1. Introduction

Intersexual musculoskeletal differences are well recognized in the contemporary med-
ical (and especially orthopedic) literature [1–3]. These are due to a slightly different gender-
specific metabolism that promotes a non-uniform development during musculoskeletal
aging [4]. At higher ages, women are frequently affected by considerably reduced bone
and muscle mass, leading to imminent health-threatening complications comprising osteo-
porotic fractures and sarcopenia-related restrictions that limit activities and mobility after
menopause [3]. Men do also go through changes, but these generally implicate a less signifi-
cant loss of bone and muscle mass [3,5]. Today, pre-manifest osteoporosis can be quantified
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through bone mineral density measurements from lumbar or femoral dual-energy X-ray ab-
sorptiometry (DXA) or quantitative computed tomography (QCT) [6,7]. Biochemical bone
turnover markers (e.g., ß-crosslaps) and osteometabolic hormone level tests reveal imbal-
ances in bone anabolism and catabolism during anti-osteoporotic therapy [5,8]. Although
these diagnostic tools are very specific to diagnose, quantify, and monitor osteoporosis,
they are not informative about the associated muscle atrophy. Sarcopenia is defined as a
progressive generalized (usually age-related) loss of skeletal muscle mass and strength
and is generally diagnosed via questionnaires, clinical tests—such as the grip strength test,
the gait speed test, or the timed “up-and-go” test—or with whole-body and appendicular
skeletal muscle mass determination, and bioelectrical impedance analysis [9]. However,
clinical tests are subjected to bias through painful disability, demotivation, depressive
impairment, or co-morbidity-related episodic disturbances, and technical quantification of
the extent of osteoporosis and sarcopenia is expensive and resource-consuming.

Previous attempts to compare bone mineral density with findings from lumbar mag-
netic resonance imaging (MRI) have already shown positive correlations [10,11]. Moreover,
if relevant information to characterize a person’s musculoskeletal status could be obtained
from the opportunistic evaluation of already existing imaging investigations, a faster clini-
cal workflow and resource-saving effect could result, especially for therapists concerned
with geriatric patients.

The current radio-anatomic study on lumbar MRI investigations was performed to
basically examine sex-specific differences in musculoskeletal determinants in an inferior
lumbar level and to discern whether simple structural measurements are indicative of
gender- and age-related musculoskeletal alterations. In particular, we hypothesized that in
MRI-based T2-weighted cross-sectional measurements, the posterior paravertebral muscle
shows faster age-related fatty degeneration than other musculoskeletal structures, and
that sex-related comparisons might help to identify sarcopenic transformation through the
definition of a measurable sarcopenia-indicating threshold value.

2. Materials and Methods

Radiologic datasets of a consecutive series of individuals who presented to a general
hospital from 2 March 2022 to 10 June 2022 were looked through for recent or previous
lumbar MRI studies. Imaging material in DICOM format from the hospital’s Picture
Archiving and Communication System (PACS) server had to fulfill the inclusion and
exclusion criteria given in Table 1.

Table 1. Inclusion and exclusion criteria of the study.

Inclusion criteria
- Osseous mature individuals AND
- Availability of lumbar MRI with axial T2 sequence showing the inferior lumbar levels, both

psoas muscles, and both erector spinae muscles

Exclusion criteria
- Existence of synthetic implants in the lower lumbar spine OR
- Condition after cement augmentation of the fifth lumbar vertebra OR
- Evidence of the existence of tumorous lesions of paraspinal muscles or the fifth lumbar vertebra
To include an individual in the study, all inclusion criteria had to be fulfilled. For the exclusion of a subject, the
presence of a single exclusion criterion sufficed. MRI indicates magnetic resonance imaging.

Suitable examinations were collected until a database comprising 101 women and
101 men had been created. Measurements were exclusively conducted in T2-weighted axial
lumbar MRI slices depicting the upper half of the fifth lumbar vertebral body in order to
create uniform conditions for standardized measurements. To keep these measurements
technically simple, the geometric shape of a circle was elected as the best fit to mimic the
cross-sectional representation of the fifth lumbar vertebra (LV5), both psoas muscles (PMs),
and both posterior paravertebral muscles (PPVMs) (Figure 1).



J. Clin. Med. 2024, 13, 7233 3 of 13

J. Clin. Med. 2024, 13, x FOR PEER REVIEW 3 of 13 
 

 

measurements technically simple, the geometric shape of a circle was elected as the best 
fit to mimic the cross-sectional representation of the fifth lumbar vertebra (LV5), both 
psoas muscles (PMs), and both posterior paravertebral muscles (PPVMs) (Figure 1). 

 
Figure 1. Example showing LIC area size and brightness parameters measured in the vertebral 
body L5, in both psoas muscles and in both posterior paravertebral muscles. Axial MRI slice in the 
L5-level of a 59-year-old man with a history of multiple pathologic thoracic and lumbar vertebral 
fractures. LIC indicates largest inscribed circle; L5, lumbar vertebra V; MRI, magnetic resonance 
imaging; A, area; AVG, average gray level (signal intensity, or brightness); σ, standard deviation; 
min, minimum signal intensity, or minimum brightness value; max, maximum signal intensity, or 
maximum brightness value. 

With the PACS software (RVC Clinical PACS®, version 22.2.1.14467, Freiburg, Ger-
many), circular area size and average signal intensity (i.e., T2-brightness) values were 
calculated from investigated regions of interest (ROIs). In order to avoid influences from 
neighboring tissues, only largest inscribed circles (LICs) were chosen for evaluation, de-
fined through the following criteria: 
1. The outline of the LIC does not cross anatomic borders of evaluated musculoskeletal 

structures. 
2. The outline of the LIC tangentially touches the anatomic confines of evaluated 

structures in at least two different points. 
Thus, in each individual, five circles were drawn to define five ROIs, each of them 

delivering values for ROI area size and average T2-brightness inside these ROIs. Based 
on the ROI area size values, we calculated the ROI diameter and considered the trans-
verse diameters in PM-related ROIs as a surrogate for the actual PM size, and the an-

Figure 1. Example showing LIC area size and brightness parameters measured in the vertebral
body L5, in both psoas muscles and in both posterior paravertebral muscles. Axial MRI slice in the
L5-level of a 59-year-old man with a history of multiple pathologic thoracic and lumbar vertebral
fractures. LIC indicates largest inscribed circle; L5, lumbar vertebra V; MRI, magnetic resonance
imaging; A, area; AVG, average gray level (signal intensity, or brightness); σ, standard deviation;
min, minimum signal intensity, or minimum brightness value; max, maximum signal intensity, or
maximum brightness value.

With the PACS software (RVC Clinical PACS®, version 22.2.1.14467, Freiburg, Germany),
circular area size and average signal intensity (i.e., T2-brightness) values were calculated
from investigated regions of interest (ROIs). In order to avoid influences from neighboring
tissues, only largest inscribed circles (LICs) were chosen for evaluation, defined through the
following criteria:

1. The outline of the LIC does not cross anatomic borders of evaluated musculoskele-
tal structures.

2. The outline of the LIC tangentially touches the anatomic confines of evaluated struc-
tures in at least two different points.

Thus, in each individual, five circles were drawn to define five ROIs, each of them
delivering values for ROI area size and average T2-brightness inside these ROIs. Based on
the ROI area size values, we calculated the ROI diameter and considered the transverse
diameters in PM-related ROIs as a surrogate for the actual PM size, and the anteroposterior
(longitudinal) diameters in LV5-related ROIs and PPVM-related ROIs as surrogates for
the actual vertebra and PPVM sizes, respectively. Mean vertebral (MVB), psoas (MPB),
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and posterior paravertebral muscle brightness (MPPVB) were correlated to age to identify
parameters in LV5, PMs, and PPVMs attributable to aging.

Statistical Assessment

Values were expressed as means and range of continuous variables, or percentages
of categorical variables. Sex-specific comparisons were conducted regarding average LIC
longitudinal and transverse diameters and mean signal intensities in corresponding ROIs
of investigated musculoskeletal structures. Results were displayed as means, ranges, and
95% confidence intervals (CIs). Student’s t-test was used to compare normally distributed
continuous variables. The significance level was set at 5%. To be able to discern gender-
related differences between investigated parameters, the study was planned to detect a
difference in MPPVB between women and men of at least 55 points given a standard
deviation of a maximum of 100 points within groups. Under these conditions, the desired
statistical power of 95% required a sample size of 86 participants per study group calculated
with OpenEpi software (Version 3.01, www.openepi.com, accessed on 17 September 2020).
Analyses were performed with SPSS 15.0.1 for Windows (SPSS Inc., Chicago, IL, USA).

The MVB values were interpreted as a parameter inversely correlating to bone quality,
with increasing T2-brightness indicating decreasing bone density. As the age-related fatty
involution of tissues was hypothesized to proceed faster in PPVMs than in the other
investigated structures, the difference between MVB and MPPVB (∆MVB − MPPVB) was
deemed an indicator for (physiological) age-related muscle degradation. A relevant loss of
muscular resilience was supposed to be reached as soon as ∆MVB − MPPVB values would
fall below a threshold of 25. The chosen threshold was derived from a study evaluating
routine diagnostic lumbar MRI scans of 40 women and 40 men, aged 20–40 years, without
structural pathologies of the spine [12]. The overall mean ∆MVB − MPPVB calculated
from raw data of this study was 39.2 with a standard deviation of 53.5, and the 95% CI was
[27.5, 50.9]. This suggested that ∆MVB − MPPVB values below 25 could be assumed to
indicate reduced muscular resilience or (pre-)manifest sarcopenia.

The ratio between corresponding MPPVB and MPB values (MPPVB/MPB ratio) served to
show which of the investigated muscle groups degenerated faster during aging. Values above
“1” indicated faster PPVM degeneration; those below “1” indicated faster PM degeneration.

Clustered mean ∆MVB − MPPVB values and MPPVB/MPB ratios from every 20 indi-
viduals of similar age were analyzed to obtain outlier-adjusted data on age-related muscle
quality deterioration. Finally, means of additive ∆MVB − MPPVB values and MPPVB/MPB
ratios stepwise from the two youngest (N = 2) to the entire group of men (n = 101) and
women (n = 101) were investigated for influences from single additional elderly participants
on the group of, respectively, younger individuals.

This retrospective observational study was registered on 30 March 2021 (German
Clinical Trials Register, DRKS00024942). Ethical approval was obtained on 18 March 2024
(Ref.-Nr. 23-0866) after data collection.

3. Results

In total, 101 women and 101 men (average age 62.6 (34–85) years vs. 57.0 (21–90) years,
p ≈ 0.009) were enrolled in this investigation during the recruitment period. Lumbar MRI
studies suitable for musculoskeletal measurements were available from all participants.
Several spinal pathologies were found at similar frequencies for both sexes (Table 2). Only
fractures (p ≈ 0.002) and spondylolistheses (p ≈ 0.02) were significantly more often found
in women, whereas “no relevant spinal alterations”, i.e., none of the mentioned pathologies
in Table 2, were more prevalent in men (p ≈ 0.048).

www.openepi.com
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Table 2. Baseline characteristics. Significance was reached at p < 0.05; significant values are in bold.

Characteristic Women
(n = 101)

Men
(n = 101) p

Age (range), years 62.6 (34–85) 57.0 (21–90) 0.009
Prevalence of the diagnosis *. . .
. . .fracture—n (%) 24 (23.8 **) 8 (7.9 **) 0.002
. . .spondylolisthesis—n (%) 15 (14.8 **) 5 (4.9 **) 0.02
. . .degenerative disc disease—n (%) 34 (33.7 **) 27 (26.7 **) 0.28
. . .disc herniation—n (%) 32 (31.7 **) 37 (36.6 **) 0.46
. . .spinal stenosis—n (%) 25 (24.7 **) 28 (27.7 **) 0.63
. . .previous lumbar fusion procedures—n (%) 7 (6.9 **) 5 (4.9 **) 0.55
. . .no relevant spinal alterations—n (%) 10 (9.9 **) 20 (19.8 **) 0.048

* Multiple diagnoses were possible. Therefore, the percentages do not add up to 100. ** Percentages are related to
frequencies in groups “women” and “men”.

3.1. Sex-Specific Musculoskeletal Analysis (Table 3, Figure 2)

LIC area size and diameter values for LV5, PMs, and PPVMs were significantly higher
in men (p < 0.00001). MVB and MPB values were insignificantly higher in women (p ≈ 0.14
and p ≈ 0.61, respectively). Only MPPVB values and MPPVB/MPB ratios were significantly
higher in women than in men (p < 0.00001, each), whereas ∆MVB − MPPVB values were
significantly lower in women (p ≈ 0.002).

The supplementary raw data table can be found in the Supplementary Materials.

Table 3. Summary of results. Differences between groups were significant as to LIC area sizes and
diameters of LV5, PMs, PPVMs, and MPPVB, but also as to ∆MVB − MPPVB and MPPVB/MPB
ratio. Significance was reached at p < 0.05 (Student’s t-test); significant values are in bold.

Result Women (n = 101) Men (n = 101) p
Mean

(Range) 95% CI Mean
(Range) 95% CI

LIC area size of LV5s, mm2 881.0
(546.4–1460.8) [844.9, 917.1] 1055.8

(199.3–1773.6) [1011.7, 1099.9] <0.00001

LIC longitudinal diameter of LV5, mm 33.3
(26.4–43.1) [32.6, 34.0] 36.4

(15.9–47.5) [35.6, 37.2] <0.00001

LIC area size of PMs, mm2 697.3
(176.2–1475.3) [651.9, 742.6] 1266.1

(420.6–2022.2) [1195.7, 1336.5] <0.00001

LIC transverse diameter of PM, mm 29.4
(15.0–43.3) [28.4, 30.3] 39.7

(23.1–50.7) [38.6, 40.9] <0.00001

LIC area size of PPVMs, mm2 1004.4
(214.7–2398.0) [934.5, 1074.3] 1347.8

(709.7–3129.4) [1279.1, 1416.6] <0.00001

LIC longitudinal diameter of PPVM, mm 35.2
(16.5–55.2) [34.0, 36.4] 41.1

(30.1–63.1) [40.1, 42.1] <0.00001

MVB 207.4
(15.0–371.6) [192.9, 221.8] 186.5

(20.3–880.8) [163.3, 209.7] 0.14, n.s.

MPB 76.6
(24.5–167.2) [70.6, 82.5] 74.1

(16.6–247.3) [66.5, 81.6] 0.61, n.s.

MPPVB 210.3
(49.4–454.6) [192.8, 227.8] 146.7

(28.2–479.7) [131.6, 161.8] <0.00001

∆MVB − MPPVB −5.1
(−381.3–236.8) [−27.6, 17.4] 39.3

(−108.4–573.1) [22.0, 56.5] 0.002
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Table 3. Cont.

Result Women (n = 101) Men (n = 101) p
Mean

(Range) 95% CI Mean
(Range) 95% CI

MPPVB/MPB ratio 3.0
(1.0–10.4) [2.7, 3.3] 2.2

(0.8–5.3) [2.0, 2.4] <0.00001

LIC indicates largest inscribed circle; LV5, lumbar vertebra V; PM, psoas muscle; PPVM, posterior paravertebral
muscle; mm, millimeter; MVB, mean vertebral (body) brightness; MPB, mean psoas (muscle) brightness; MPPVB,
mean posterior paravertebral (muscle) brightness; ∆MVB − MPPVB, difference between mean vertebral brightness
and mean posterior paravertebral (muscle) brightness; CI, confidence interval; n.s., not significant.
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Figure 2. (a,b) Age-related brightness distributions in 101 men (a) and 101 women (b) from mus-
culovertebral L5-level measurements in axial T2-weighted MRIs. PM brightness (gray curve) is
constant in both graphs. In men, L5 brightness (dotted curve) is slightly higher than that of PPVMs
(black curve). In aging women, PPVM brightness exceeds corresponding L5 brightness. Depicted
T2-weighted axial MRI slices in the L5-level illustrate the age-related increasing brightness of PPVMs
(left: a 41-year-old woman, right: an 85-year-old woman). L5 indicates lumbar vertebra V; MRI,
magnetic resonance imaging; PM, psoas muscle; PPVM, posterior paravertebral muscle.

3.2. Age-Related Musculoskeletal Analysis

In older individuals of any gender, MPPVB values reached higher levels than respec-
tive MPB values and constituted the most considerable structural changes during aging
(Figure 3).
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detectable influences of single elderly individuals on respective younger collectives 
(Figure 4a). 

In women, these values ranged from 99.7 in individuals younger than 34 years to 
−5.1 in the entire female collective. Values below the threshold of 25 were defined to in-
dicate (pre-)sarcopenic muscle degradation as soon as women over 70 years were in-
cluded (N ≥ 63) (Figure 4b). 

Figure 3. (a–c) In 101 men (triangles), values of mean LIC diameters in LV5s (a), PMs (b), and PPVMs
(c) were significantly higher, and MPPVB values (c) were significantly lower (p < 0.00001, each) than
in 101 women (circles). The dashed and non-dashed lines are trendlines relating to the collectives of
women and men, respectively. In older individuals, a distinct decrease in PM diameter and increase
in MPPVB were found compared to younger individuals. LIC indicates largest inscribed circle; LV5,
lumbar vertebra V; PM, psoas muscle; PPVM, posterior paravertebral muscle; mm, millimeters; MVB,
mean vertebral (body) brightness; MPB, mean psoas (muscle) brightness; MPPVB, mean posterior
paravertebral (muscle) brightness.

Clustered mean ∆MVB − MPPVB values from every 20 individuals of similar age
showed an age-related relative decrease with an earlier onset of negative values in women
compared to men at a mean age of 56.0 years (N = 49) versus 69.9 years (N = 90), respectively,
and with negative values throughout in female subgroups aged 66.9 years and older (N ≥ 66).

In men, means of additive ∆MVB − MPPVB values ranged from 25.6 to 63.5 with-
out detectable influences of single elderly individuals on respective younger collectives
(Figure 4a).

In women, these values ranged from 99.7 in individuals younger than 34 years to −5.1
in the entire female collective. Values below the threshold of 25 were defined to indicate
(pre-)sarcopenic muscle degradation as soon as women over 70 years were included (N ≥ 63)
(Figure 4b).



J. Clin. Med. 2024, 13, 7233 8 of 13J. Clin. Med. 2024, 13, x FOR PEER REVIEW 8 of 13 
 

 

 

 
Figure 4. (a,b) In 101 men (a), means of additive ∆MVB − MPPVB values (black curve) varied 
around the mean of 39.3 points without crossing the threshold of 25 points (red line), defined to 
indicate reduced musculoskeletal resilience, with positive values in subgroups of 20 men sorted for 
increasing age until the 70th subgroup (columns, black arrow). In 101 women (b), means of addi-
tive ∆MVB − MPPVB values (black curve) continually decreased and fell below (black arrow) the 
threshold of 25 points (red line), with positive values in subgroups of 20 consecutive women sorted 
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brightness and mean posterior paravertebral (muscle) brightness. 

Figure 4. (a,b) In 101 men (a), means of additive ∆MVB − MPPVB values (black curve) varied around
the mean of 39.3 points without crossing the threshold of 25 points (red line), defined to indicate reduced
musculoskeletal resilience, with positive values in subgroups of 20 men sorted for increasing age until
the 70th subgroup (columns, black arrow). In 101 women (b), means of additive ∆MVB − MPPVB
values (black curve) continually decreased and fell below (black arrow) the threshold of 25 points (red
line), with positive values in subgroups of 20 consecutive women sorted for increasing age until the 27th
subgroup (gray arrow) and throughout negative values after the 46th subgroup (white arrow). ∆MVB
− MPPVB indicates difference between mean vertebral brightness and mean posterior paravertebral
(muscle) brightness.
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Means of additive MPPVB/MPB ratios were almost constant in participating men
at any age (Figure 5a). In women, however, a level change was found between younger
(N ≤ 19) and older collectives as soon as 47-year-old women were included (Figure 5b).
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Figure 5. (a,b) In 101 men (a), means of additive MPPVB/MPB ratios (black curve) varied between
1.73 and 2.40 with a slightly increasing tendency at higher ages. In 101 women (b), means of additive
MPPVB/MPB ratios (black curve) showed a level rise from values below 2.2 (in groups with women
aged 47 years and younger, black arrow) to values above 2.5 (in groups with women aged 47 years
and older, gray arrow), exceeding a value of 3.0 in groups containing women older than 79 years
(white arrow). MPPVB indicates mean posterior paravertebral (muscle) brightness; MPB, mean psoas
(muscle) brightness.
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4. Discussion

This is the first study in the literature that investigates musculoskeletal parameters,
including signal intensity, in T2-weighted axial images of lumbar MRI studies for their
relationship to sex-specific differences during aging. Baseline conditions with a threefold
higher prevalence of (pathologic) fractures in participating women (p ≈ 0.002, Table 2)
are attributable to an increased susceptibility to osteoporotic fractures in the subgroup of
postmenopausal women. The higher prevalence of spinal instability (spondylolisthesis)
in women (p ≈ 0.02) might be due to sex-specific differences in connective tissue strength.
The twofold higher occurrence of “no relevant spinal alterations” in men (p ≈ 0.048) could
be due to the significantly lower average age of male participants in this study (p ≈ 0.009).

Huang et al. showed that vertebral fractures in postmenopausal women with un-
derlying osteoporosis or reduced bone mass were associated with fewer paraspinal and
PM volumes [13]. However, their conclusions were based on a small number of partic-
ipants (n = 24). Shayganfar et al. correlated MRI-based data to DXA-based T-scores in
82 postmenopausal and 69 healthy young women and could identify patients at risk of
osteoporosis with high sensitivity and specificity using a newly developed MRI-based
score [14]. Another modern approach to quantifying vertebral compressive strength is to
create a bone model to which loads are applied analytically. Such a finite element model
was shown to correlate better with vertebral compressive strength than QCT [15].

An osteoporosis-associated phenomenon in the elderly, especially in women, is muscle
mass loss, which results in sarcopenia. Unlike osteoporosis, sarcopenia requires a different
approach to be accurately visualized. Most authors recommend DXA, computed tomog-
raphy, or MRI in order to study body composition, which implies the identification of
quantitative and qualitative changes in muscle mass [16,17]. A systematic review of MRI-
derived sarcopenia-related biomarkers could show that muscle cross-sectional area was
mostly used for muscle quantity estimation and that muscle fat content or fiber architecture
rather served to assess muscle quality [18]. However, besides the distinct advantages of
MRI for investigating body composition, standardized assessment protocols and diagnostic
MRI-based cut-off values have not been established yet [17].

Other authors have performed CT-based body composition measurements in the L3-
level [19,20] or in the psoas and mid-thigh muscle [21], which led to a variety of proposed
cut-off values for diagnosing sarcopenia. In the current investigation, measurements have
been performed in transsectional T2-weighted MRI slices in the L5-level. PMs and PPVMs
were investigated using the circle-measuring tool of a commonly available clinical PACS
software (version 22.2.1.14467). Investigated ROIs were defined by the largest fitting
inscribed circle in order to keep the complexity of data acquisition at an acceptable level,
which is important for successfully inaugurating new applications in clinical settings.

4.1. Sex-Specific Analysis

Significantly higher mean LIC area size and diameter values of LV5, PMs, and PPVMs
in men (p < 0.00001) suggest that these parameters are generally associated with body
height, although such correlations were not explicitly investigated.

In women, significantly higher MPPVB values (p < 0.00001) and insignificantly higher
MVB (p ≈ 0.14) and MPB values (p ≈ 0.61) indicated faster age-related musculoskeletal
degeneration and faster loss of muscle strength in PPVMs compared to PMs.

The finding of constant signal intensities in PMs in all participants (Figure 3b) contra-
dicts reports in the literature where PM parameters were proposed to be clinically useful for
diagnosing sarcopenia, especially in individuals with liver cirrhosis [22] or after colorectal
cancer surgery [23]. Contrary to these reports, Baracos called the assumption that PM
parameters were indicative of sarcopenia a flawed premise [24]. However, cited studies re-
ported CT-based findings, whereas the current investigation evaluated MRI-based data that
support Baracos’s arguments questioning the usefulness of PM parameters for detecting or
confirming sarcopenia.
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4.2. Age-Related Analysis

During aging, MVB and MPB values varied within almost constant limits in both sexes,
whereas MPPVB values appeared to increase. This effect was more evident in women,
especially if individual ∆MVB − MPPVB values were investigated (Figure 4), which could
relate to the higher prevalence of osteoporosis and sarcopenia in postmenopausal women.
In men, means of additive ∆MVB − MPPVB values were almost constant around a value
of 40 (Figure 4a). In women, this parameter followed an ever-descending curve until the
predefined value of 25, indicating reduced muscular resilience, was reached for the first
time in the subgroup of 20 women with an average age of 51.3 years and stayed constantly
below this threshold as soon as over-70-year-old women were included (Figure 4b). These
findings are in line with recommendations of the US Preventive Services Task Force to
perform bone measurement testing for osteoporosis screening in women aged 65 years and
older [25].

In men sorted for increasing age, means of additive MPPVB/MPB ratios were almost
constant around a value of 2 (Figure 5), indicating that PPVMs appeared twice as bright
as PMs. In women, similar conditions were found, as long as the collective contained no
postmenopausal individuals. Once these were included, the collective’s mean additive
MPPVB values climbed up to levels 2.5 times higher than corresponding MPB values and
attained threefold higher MPPVB compared to MPB values as soon as over-79-year-old
women were included.

These findings suggest that with the onset of menopause, the deterioration in women’s
muscular resilience is mirrored by decreasing clustered mean ∆MVB − MPPVB values of
ascendingly aged women (Figure 4b) and by increasing means of additive MPPVB/MPB
ratios (Figure 5b), which was not found in men to a similar extent.

The method described in this article is resource-saving in clinical settings, as it only
requires a lumbar MRI study of the index person. Measurements and calculations are
performed quickly, deliver conclusive results, and allow clinicians to easily differentiate
between healthy and pathologic muscle status. However, absolute figures might depend
on the applied technical devices and processing software used in this investigation.

This study has several limitations. First, proposed parameters have not been validated
in larger collectives yet. Second, T1-weighted axial MRI images are more specific for
detecting fatty degeneration in muscles or vertebral bodies compared to T2-weighted
images. However, in evaluated standard diagnostic lumbar MRI studies, axial image
series were generally available as T2- rather than T1-weighted images. Third, applied
single-slice measurements for quantifying sarcopenia were shown to be inferior compared
to whole-body compartment investigations [26]. However, whole-body examinations are
not yet practicable in clinical applications, as segmentation tasks and data processing
are time-consuming and may require artificial intelligence [27]. An alternative method
of assessing muscle quality by image pattern analysis might be texture analysis, which
represents a promising muscle quality determining biomarker in the future [27].

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/jcm13237233/s1, Table S1: Supplemental Raw Data Table.

Author Contributions: Study conceptualization, methodology, validation, data collection and anal-
ysis, investigation, resources, data curation, writing (including original draft preparation, review
and editing), visualization, and project administration were performed by H.B. (author’s own work).
Critical data interpretation, formal analysis, and supervision were performed by B.M.H., W.B., D.S.,
P.R. and J.A. Final approval of the manuscript and funding acquisition were provided by H.B. and
J.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the clinic’s medical ethics committee (Ref.-Nr. 23-0866,
approval date: 18 March 2024).

https://www.mdpi.com/article/10.3390/jcm13237233/s1
https://www.mdpi.com/article/10.3390/jcm13237233/s1


J. Clin. Med. 2024, 13, 7233 12 of 13

Informed Consent Statement: Informed consent from participating individuals was not required
due to anonymized data collection in this retrospective study.

Data Availability Statement: The data presented in this study are available within the article and its
Supplementary Materials.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Bredella, M.A. Sex Differences in Body Composition. Adv. Exp. Med. Biol. 2017, 1043, 9–27. [CrossRef]
2. Hettrich, C.M.; Hammoud, S.; LaMont, L.E.; Arendt, E.A.; Hannafin, J.A. Sex-specific analysis of data in high-impact orthopaedic

journals: How are we doing? Clin. Orthop. Relat. Res. 2015, 473, 3700–3704. [CrossRef] [PubMed]
3. Doherty, T.J. The influence of aging and sex on skeletal muscle mass and strength. Curr. Opin. Clin. Nutr. Metab. Care 2001, 4,

503–508. [CrossRef]
4. Mason, K.A.; Schoelwer, M.J.; Rogol, A.D. Androgens During Infancy, Childhood, and Adolescence: Physiology and Use in

Clinical Practice. Endocr. Rev. 2020, 41, bnaa003. [CrossRef] [PubMed]
5. Khosla, S.; Monroe, D.G. Regulation of Bone Metabolism by Sex Steroids. Cold Spring Harb. Perspect. Med. 2018, 8, a031211.

[CrossRef]
6. Löffler, M.T.; Jacob, A.; Valentinitsch, A.; Rienmüller, A.; Zimmer, C.; Ryang, Y.M.; Baum, T.; Kirschke, J.S. Improved prediction of

incident vertebral fractures using opportunistic QCT compared to DXA. Eur. Radiol. 2019, 29, 4980–4989. [CrossRef] [PubMed]
7. Luo, Y.; Yang, H. Comparison of femur stiffness measured from DXA and QCT for assessment of hip fracture risk. J. Bone Miner.

Metab. 2019, 37, 342–350. [CrossRef] [PubMed]
8. Eastell, R.; Szulc, P. Use of bone turnover markers in postmenopausal osteoporosis. Lancet Diabetes Endocrinol. 2017, 5, 908–923.

[CrossRef]
9. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyère, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Syer, A.A.; et al.

Writing Group for the European Working Group on Sarcopenia in Older People 2 (EWGSOP2), and the Extended Group for
EWGSOP2 Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31, Erratum in Age
Ageing 2019, 48, 601. [CrossRef]

10. Momeni, M.; Asadzadeh, M.; Mowla, K.; Hanafi, M.G.; Gharibvand, M.M.; Sahraeizadeh, A. Sensitivity and specificity assessment
of DWI and ADC for the diagnosis of osteoporosis in postmenopausal patients. Radiol. Med. 2020, 125, 68–74. [CrossRef]
[PubMed]

11. Chang, G.; Boone, S.; Martel, D.; Rajapakse, C.S.; Hallyburton, R.S.; Valko, M.; Honig, S.; Regatte, R.R. MRI assessment of bone
structure and microarchitecture. J. Magn. Reson. Imaging 2017, 46, 323–337. [CrossRef]

12. Balling, H.; Holzapfel, B.M.; Böcker, W.; Simon, D.; Reidler, P.; Arnholdt, J. Musculoskeletal Dimension and Brightness Reference
Values in Lumbar Magnetic Resonance Imaging—A Radio-Anatomic Investigation in 80 Healthy Adult Individuals. J. Clin. Med.
2024, 13, 4496. [CrossRef]

13. Huang, C.W.C.; Tseng, I.J.; Yang, S.W.; Lin, Y.K.; Chan, W.P. Lumbar muscle volume in postmenopausal women with osteoporotic
compression fractures: Quantitative measurement using MRI. Eur. Radiol. 2019, 29, 4999–5006. [CrossRef]

14. Shayganfar, A.; Khodayi, M.; Ebrahimian, S.; Tabrizi, Z. Quantitative diagnosis of osteoporosis using lumbar spine signal intensity
in magnetic resonance imaging. Br. J. Radiol. 2019, 92, 20180774. [CrossRef] [PubMed]

15. Crawford, R.P.; Cann, C.E.; Keaveny, T.M. Finite element models predict in vitro vertebral body compressive strength better than
quantitative computed tomography. Bone 2003, 33, 744–750. [CrossRef]

16. Sergi, G.; Trevisan, C.; Veronese, N.; Lucato, P.; Manzato, E. Imaging of sarcopenia. Eur. J. Radiol. 2016, 85, 1519–1524. [CrossRef]
17. Lee, K.; Shin, Y.; Huh, J.; Sung, Y.S.; Lee, I.S.; Yoon, K.H.; Kim, K.W. Recent Issues on Body Composition Imaging for Sarcopenia

Evaluation. Korean J. Radiol. 2019, 20, 205–217. [CrossRef] [PubMed]
18. Codari, M.; Zanardo, M.; di Sabato, M.E.; Nocerino, E.; Messina, C.; Sconfienza, L.M.; Sardanelli, F. MRI-Derived Biomarkers

Related to Sarcopenia: A Systematic Review. J. Magn. Reson. Imaging 2020, 51, 1117–1127. [CrossRef] [PubMed]
19. Prado, C.M.; Lieffers, J.R.; McCargar, L.J.; Reiman, T.; Sawyer, M.B.; Martin, L.; Baracos, V.E. Prevalence and clinical implications

of sarcopenic obesity in patients with solid tumours of the respiratory and gastrointestinal tracts: A population-based study.
Lancet Oncol. 2008, 9, 629–635. [CrossRef] [PubMed]

20. Schweitzer, L.; Geisler, C.; Pourhassan, M.; Braun, W.; Glüer, C.C.; Bosy-Westphal, A.; Müller, M.J. What is the best reference site
for a single MRI slice to assess whole-body skeletal muscle and adipose tissue volumes in healthy adults? Am. J. Clin. Nutr. 2015,
102, 58–65. [CrossRef] [PubMed]

21. Boutin, R.D.; Yao, L.; Canter, R.J.; Lenchik, L. Sarcopenia: Current Concepts and Imaging Implications. AJR Am. J. Roentgenol.
2015, 205, W255–W266. [CrossRef] [PubMed]

22. Gu, D.H.; Kim, M.Y.; Seo, Y.S.; Kim, S.G.; Lee, H.A.; Kim, T.H.; Jung, Y.K.; Kandemir, A.; Kim, J.H.; An, H.; et al. Clinical
usefulness of psoas muscle thickness for the diagnosis of sarcopenia in patients with liver cirrhosis. Clin. Mol. Hepatol. 2018, 24,
319–330. [CrossRef] [PubMed]

https://doi.org/10.1007/978-3-319-70178-3_2
https://doi.org/10.1007/s11999-015-4457-9
https://www.ncbi.nlm.nih.gov/pubmed/26197951
https://doi.org/10.1097/00075197-200111000-00007
https://doi.org/10.1210/endrev/bnaa003
https://www.ncbi.nlm.nih.gov/pubmed/32115641
https://doi.org/10.1101/cshperspect.a031211
https://doi.org/10.1007/s00330-019-06018-w
https://www.ncbi.nlm.nih.gov/pubmed/30790025
https://doi.org/10.1007/s00774-018-0926-z
https://www.ncbi.nlm.nih.gov/pubmed/29671044
https://doi.org/10.1016/S2213-8587(17)30184-5
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1007/s11547-019-01080-2
https://www.ncbi.nlm.nih.gov/pubmed/31531809
https://doi.org/10.1002/jmri.25647
https://doi.org/10.3390/jcm13154496
https://doi.org/10.1007/s00330-019-06034-w
https://doi.org/10.1259/bjr.20180774
https://www.ncbi.nlm.nih.gov/pubmed/30759992
https://doi.org/10.1016/S8756-3282(03)00210-2
https://doi.org/10.1016/j.ejrad.2016.04.009
https://doi.org/10.3348/kjr.2018.0479
https://www.ncbi.nlm.nih.gov/pubmed/30672160
https://doi.org/10.1002/jmri.26931
https://www.ncbi.nlm.nih.gov/pubmed/31515891
https://doi.org/10.1016/S1470-2045(08)70153-0
https://www.ncbi.nlm.nih.gov/pubmed/18539529
https://doi.org/10.3945/ajcn.115.111203
https://www.ncbi.nlm.nih.gov/pubmed/26016860
https://doi.org/10.2214/AJR.15.14635
https://www.ncbi.nlm.nih.gov/pubmed/26102307
https://doi.org/10.3350/cmh.2017.0077
https://www.ncbi.nlm.nih.gov/pubmed/29706058


J. Clin. Med. 2024, 13, 7233 13 of 13

23. Hanaoka, M.; Yasuno, M.; Ishiguro, M.; Yamauchi, S.; Kikuchi, A.; Tokura, M.; Ishikawa, T.; Nakatani, E.; Uetake, H. Morphologic
change of the psoas muscle as a surrogate marker of sarcopenia and predictor of complications after colorectal cancer surgery. Int.
J. Color. Dis. 2017, 32, 847–856. [CrossRef] [PubMed]

24. Baracos, V.E. Psoas as a sentinel muscle for sarcopenia: A flawed premise. J. Cachexia Sarcopenia Muscle 2017, 8, 527–528. [CrossRef]
25. US Preventive Services Task Force; Curry, S.J.; Krist, A.H.; Owens, D.K.; Barry, M.J.; Caughey, A.B.; Davidson, K.W.; Doubeni,

C.A.; Epling, J.W., Jr.; Kemper, A.R.; et al. Screening for Osteoporosis to Prevent Fractures: US Preventive Services Task Force
Recommendation Statement. JAMA 2018, 319, 2521–2531. [CrossRef]

26. Shen, W.; Chen, J.; Gantz, M.; Velasquez, G.; Punyanitya, M.; Heymsfield, S.B. A single MRI slice does not accurately predict
visceral and subcutaneous adipose tissue changes during weight loss. Obesity 2012, 20, 2458–2463. [CrossRef] [PubMed]

27. Huber, F.A.; Del Grande, F.; Rizzo, S.; Guglielmi, G.; Guggenberger, R. MRI in the assessment of adipose tissues and muscle
composition: How to use it. Quant. Imaging Med. Surg. 2020, 10, 1636–1649. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s00384-017-2773-0
https://www.ncbi.nlm.nih.gov/pubmed/28190101
https://doi.org/10.1002/jcsm.12221
https://doi.org/10.1001/jama.2018.7498
https://doi.org/10.1038/oby.2012.168
https://www.ncbi.nlm.nih.gov/pubmed/22728693
https://doi.org/10.21037/qims.2020.02.06
https://www.ncbi.nlm.nih.gov/pubmed/32742957

	Introduction 
	Materials and Methods 
	Results 
	Sex-Specific Musculoskeletal Analysis (Table 3, Figure 2) 
	Age-Related Musculoskeletal Analysis 

	Discussion 
	Sex-Specific Analysis 
	Age-Related Analysis 

	References

